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(57)Abstract: 

PURPOSE: To realize a traction control(TRC) suitable for general 
electric vehicles. 

CONSTITUTION: When the angular acceleration or of drive wheel 
exceeds a threshold value □ 1r (314), a torque command is subjected to 
feedback correction using a torque command correction value nTr 
containing a term of angular acceleration Or multiplied by a feedback 
gain G1r. Gripping of pavement by the driving wheel is detected (314) by 
comparing the angular acceleration or with a threshold value D2r. 
Temporary drop of the angular acceleration Dr due to returning of the 
drive wheel from a slippery pavement to a normal pavement is detected 
(314) by comparing the angular acceleration Dr with a threshold value □ 
3r. The threshold values □ 1r~n3r and the feedback gains G1r, G2r are 
set (310) depending on the opening of accelerator VA and the wheel 
speed Vr of drive wheel. The coefficients for determining the threshold 
values and the feedback gains are altered (304-308) depending on the 
fact whether the r.p.m of motor Nr exceeded a base r.p.m. NBr or not. 
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♦ NOTICES* 1 

JPO and NCIPI are not responsible^r any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The step which opts for a torque command in the electric vehicle accelerated according to the demand 
from a pilot according to the ratio of the acceleration to the torque command in which the maximum output is 
possible demanded, The step which determines an angular-acceleration threshold according to the acceleration 
demanded, and the angular acceleration of a driving wheel Direct or the step which carries out indirect 
detection, The step which judges whether the driving wheel has slipped by comparing the detection value of 
angular acceleration with an angular-velocity threshold, The control approach of the drive motor for electric 
vehicles characterized by having the step which carries out feedback amendment of the torque command when 
judged with having slipped, and the step which controls the output torque of the drive motor for electric vehicles 
based on a torque command. 

[Claim 2] The step which opts for a torque command in the electric vehicle accelerated according to the demand 
from a pilot according to the ratio of the acceleration to the torque command in which the maximum output is 
possible demanded, The step which determines feedback gain according to the acceleration demanded, The step 
which judges whether direct or the step which carries out indirect detection, and the driving wheel have slipped 
the angular acceleration of a driving wheel, By adding or subtracting feedback torque including the term which 
multiplied the detection value of angular acceleration by feedback gain, when judged with having slipped The 
control approach of the drive motor for electric vehicles characterized by having the step which carries out 
feedback amendment of the torque command, and the step which controls the output torque of the drive motor 
for electric vehicles based on a torque command. 

[Claim 3] In the electric vehicle with which the angular-velocity rate of change of the driving wheel which shows 
the boundary of whether the slip is generated in the driving wheel runs the road surface depending on the 
angular velocity of a driving wheel The step which opts for a torque command, and the angular velocity and 
angular acceleration of a driving wheel Direct or the step which carries out indirect detection, The step which 
determines an angular-acceleration threshold according to the detection value of angular velocity, and the step 
which judges whether the driving wheel has slipped by comparing the detection value of angular acceleration with 
an angular-velocity threshold. The control approach of the drive motor for electric vehicles characterized by 
having the step which carries out feedback amendment of the torque command when judged with having slipped, 
and the step which controls the output torque of the drive motor for electric vehicles based on a torque 
command. 

[Claim 4] In the electric vehicle with which the angular-velocity rate of change of the driving wheel which shows 
the boundary of whether the slip is generated in the driving wheel runs the road surface depending on the 
angular velocity of a driving wheel The step which opts for a torque command, and the angular velocity and 
angular acceleration of a driving wheel Direct or the step which carries out indirect detection, The step which 
determines feedback gain according to the detection value of angular velocity, By adding or subtracting the step 
which judges whether the driving wheel has slipped, and the feedback torque which includes the term which 
multiplied the detection value of angular acceleration by feedback gain when judged with having slipped The 
control approach of the drive motor for electric vehicles characterized by having the step which carries out 
feedback amendment of the torque command, and the step which controls the output torque of the drive motor 
for electric vehicles based on a torque command. 

[Claim 5] The control approach of the drive motor for electric vehicles characterized by having the step which 
opts for a torque command according to the rotational frequency of the drive motor for electric vehicles, and 
the step which carries out a modification setup of direct or the step which carries out indirect detection, and an 
angular-acceleration threshold or feedback gain for the rotational frequency of the drive motor for electric 
vehicles according to the detection value of a rotational frequency in the control approach according to claim 1 
to 4. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About the control approach which controls the output torque of the drive motor for 
electric vehicles, this invention relates to the traction control (TRC) which corrects this, when especially a slip 
(skid) of a driving wheel is detected. 
[0002] 

[Description of the Prior Art] The fork lift truck which has a TRC function is indicated by JP,2~299402,A and 
JP,3-27701,A. In this fork lift truck, according to actuation of an accelerator lever, Current iM is supplied to a 
car drive motor, and, thereby, torque tauR occurs in a car drive motor. Moreover, the motor current iM which 
should be supplied is determined that required torque tauR will occur according to a current pair torque 
characteristic table. 

[0003] After detecting that the slip was first generated in the driving wheel generally in TRC, it is necessary to 
perform predetermined torque feedback processing. Moreover, a slip of a driving wheel is detectable by detecting 
changing the rate of a driving wheel sharply compared with the acceleration-and-deceleration demand from a 
pilot (or the acceleration of a driving wheel being large). In an above-mentioned official report, since the output 
torque of a motor is controlled for the purpose of tauR, the judgment of slip existence can be performed based 
on the deflection of actual output-torque tauM to control-objectives tauR. That is, it is the following formula 
[several 1] about acceleration dN/dt which should presume actual output-torque tauM and then should be 
essentially generated in this output-torque tauM by referring to a current pair torque characteristic table with 
the detection value iM of a motor current first. 

7T " K ( r M ~ r R > 

It is alike, and follows and presumes. Acceleration dn/dt actually produced on the other hand based on the rate 
of a driving wheel or the detection value of the motor rotational frequency n is calculated, and a slip is suitably 
detectable, if it is made for actual acceleration dn/dt to consider that the rotational frequency n of a motor, i.e., 
the rate of a driving wheel, is changed sharply when large compared with acceleration dN/dt which should be 
generated essentially. If the motor current iM is reduced when a slip is detected (torque feedback), a driving 
wheel will grip a road surface again at a certain time, and a slip will be canceled. 
[0004] 

[Problem(s) to be Solved by the Invention] However, above-mentioned TRC is difficult to carry out extended 
application in the common electric vehicle which can apply only to the electric rolling stock with which the 
application which the range of a torque control is limit comparatively, and does not need to take change of the 
slip criterion at a rotational frequency ( or wheel speed) into consideration was limited, but runs a city area and 
others, when fill the request about the acceleration engine performance of a car. 

[0005] First, since there is need, such as climb way transit and highway transit, in the case of the usual electric 
vehicle, according to the acceleration demand from a pilot, it is necessary to cover the large range and to more 
specifically carry out adjustable control of the output torque according to accelerator opening. Moreover, it is 
necessary to carry out high-speed rotation of the motor if needed. Therefore, in control of a motor, the control 
objectives (torque command) of an output torque are determined according to an engine-speed pair torque 
characteristic table as shown, for example in drawing 9 . 

[0006] the continuous line and broken line in drawing — each — the field where the motor engine speed N is 
lower than the base engine speed NB — output-torque = — the fixed straight line is drawn and the product 
(output power) of an output torque and an engine speed N is drawing the fixed curve in the high field. 
Furthermore, a continuous line is used when accelerator opening is 100% (i.e., when the pilot is demanding the 
maximum acceleration), and a broken line is used when accelerator opening is 50% or 20%. That is, it opts for a 
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torque command referring to tf^B^le of drawing 9 in the motor engine N and accelerator opening, or by 

dividing the result proportionalh^mth reference to an accelerator opening^TOO% table at the motor engine speed 
N at accelerator opening. If an output torque is controlled according to such a property, not only flat way transit 
but climb way transit etc. will be attained, and high-speed transit etc. will be attained. 

[0007] If it is applying the approach of a publication to an above-mentioned official report, and performing TRC 
to the electric vehicle which performs a torque control according to such the control characteristic, it will 
become difficult to control the difference of the rate of a driving wheel and the rate of a car body, i.e., to reduce 
the effect of a slip to a steering. This is premised on electric rolling stock [ like a fork lift truck ] for premises 
whose approach is as a result above-mentioned flat way transit, and above-mentioned low speed fixed-speed 
transit, and is because the slip judging was performed on the criteria same irrespective of change of accelerator 
opening or the motor rotational frequency N (or wheel speed of a driving wheel) and torque feedback has been 
performed [ taking into consideration neither climb way transit nor highway transit, therefore ] by the same 
technique again. 

[0008] Moreover, generally, as shown in drawing 10 , it depends on wheel speed v for the threshold it can 
consider that generated the slip on wheel speed rate~of-change dv/dt or rotational frequency rate-of-change 
dn/dt. Since the premise of the yard transit is carried out to the above-mentioned official report by the 
approach of a publication, it does not go into consideration primarily that wheel speed v continues and changes 
to the large range, therefore it cannot cope with change of the slip generating situation by wheel speed v. 
[0009] This invention is made considering solving such a trouble as a technical problem, and aims at offering 
TRC applicable to a common electric vehicle by improvement of the slip judging approach and the torque 
feedback approach. 
[0010] 

[Means for Solving the Problem] In order to attain such a purpose, the 1st configuration of this invention The 
step which opts for a torque command in the electric vehicle accelerated according to the demand from a pilot 
according to the ratio of the acceleration to the torque command in which the maximum output is possible 
demanded, The step which determines an angular-acceleration threshold according to the acceleration 
demanded, and the angular acceleration of a driving wheel Direct or the step which carries out indirect 
detection, The step which judges whether the driving wheel has slipped by comparing the detection value of 
angular acceleration with an angular-velocity threshold, It is characterized by having the step which carries out 
feedback amendment of the torque command when judged with having slipped, and the step which controls the 
output torque of the drive motor for electric vehicles based on a torque command. 

[001 1] In the electric vehicle which accelerates the 2nd configuration of this invention according to the demand 
from a pilot The step which opts for a torque command according to the ratio of the acceleration to the torque 
command in which the maximum output is possible demanded, The step which determines feedback gain 
according to the acceleration demanded, The step which judges whether direct or the step which carries out 
indirect detection, and the driving wheel have slipped the angular acceleration of a driving wheel, By adding or 
subtracting feedback torque including the term which multiplied the detection value of angular acceleration by 
feedback gain, when judged with having slipped It is characterized by having the step which carries out feedback 
amendment of the torque command, and the step which controls the output torque of the drive motor for 
electric vehicles based on a torque command. 

[0012] In the electric vehicle with which the angular-velocity rate of change of the driving wheel which shows 
the boundary of whether the slip has generated the 3rd configuration of this invention in the driving wheel runs 
the road surface depending on the angular velocity of a driving wheel The step which opts for a torque 
command, and the angular velocity and angular acceleration of a driving wheel Direct or the step which carries 
out indirect detection, The step which determines an angular-acceleration threshold according to the detection 
value of angular velocity, and the step which judges whether the driving wheel has slipped by comparing the 
detection value of angular acceleration with an angular-velocity threshold, It is characterized by having the step 
which carries out feedback amendment of the torque command when judged with having slipped, and the step 
which controls the output torque of the drive motor for electric vehicles based on a torque command. 
[0013] In the electric vehicle with which the angular-velocity rate of change of the driving wheel which shows 
the boundary of whether the slip has generated the 4th configuration of this invention in the driving wheel runs 
the road surface depending on the angular velocity of a driving wheel The step which determines feedback gain 
for the angular velocity and angular acceleration of a driving wheel as direct or the step which carries out 
indirect detection according to the detection value of angular velocity, By adding or subtracting the step which 
judges whether the driving wheel has slipped, and the feedback torque which includes the term which multiplied 
the detection value of angular acceleration by feedback gain when judged with having slipped It is characterized 
by having the step which carries out feedback amendment of the torque command, and the step which controls 
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the output torque of the drive nWmM for electric vehicles based on a torqu^aagmmand. 

[0014] Each configuration of thi||p|ention is characterized by having furtMplie step which opts for a torque 
command according to the rotational frequency of the drive motor for electric vehicles, and the step which 
carries out a modification setup of direct or the step which carries out indirect detection, and an angular- 
acceleration threshold or feedback gain for the rotational frequency of the drive motor for electric vehicles 
according to the detection value of a rotational frequency. 
[0015] 

[Function] In the 1 st configuration of this invention, an angular-acceleration threshold is first determined 
according to accelerator opening, corresponding to the ratio of the acceleration to the torque command in which 
the maximum output is possible demanded. The detection value of the angular acceleration of a driving wheel is 
compared with this angular-velocity threshold. When the driving wheel has slipped, since the angular velocity of a 
driving wheel is changed sharply, the angular acceleration of a driving wheel becomes large. Therefore, the 
existence of a slip can be judged by carrying out the threshold judging of the detection value of the angular 
acceleration of a driving wheel. When judged with having slipped, feedback amendment of the torque command is 
carried out according to the detection value of the angular acceleration of a driving wheel. By performing this 
feedback amendment suitably, a slip of a driving wheel is controlled thru/or canceled and a driving wheel grips a 
road surface again. Moreover, since the angular-acceleration threshold is determined according to the ratio of 
the acceleration to the torque command in which the maximum output is possible demanded, even if it is the 
case where a motor is controlled according to the property that torque value changes according to the ratio of 
the acceleration to the torque command in which the maximum output is possible demanded, a slip can detect 
using the angular-acceleration threshold which was adapted for the ratio concerned, therefore a slip is 
controlled thru/or canceled suitably. 

[0016] In the 2nd configuration of this invention, according to the ratio of the acceleration to the torque 
command in which the maximum output is possible demanded, feedback gain is determined first, and it is judged 
whether next the driving wheel has slipped. When judged with having slipped, feedback amendment of the torque 
command is carried out according to the detection value of the angular acceleration of a driving wheel. By 
performing this feedback amendment suitably, a slip of a driving wheel is controlled thru/or canceled and a 
driving wheel grips a road surface again. Moreover, the detection value of angular acceleration is multiplied by 
the feedback gain determined according to the ratio of the acceleration to the torque command in which the 
maximum output is possible demanded. By adding or subtracting the feedback torque which, as a result, includes 
a slack feedback correction term Since feedback amendment of a torque command is performed, even if it is the 
case where a motor is controlled according to the property that torque value changes according to the ratio of 
the acceleration to the torque command in which the maximum output is possible demanded Feedback 
amendment of the amount which was adapted for the ratio concerned can be performed to a torque command, 
and a slip is controlled thru/or canceled suitably. 

[0017] In the 3rd configuration of this invention, an angular-acceleration threshold is determined according to 
the angular velocity of a driving wheel. Then, processing is performed in the same procedure as the 1st 
configuration. Therefore, by performing the approach concerning this configuration, a slip of a driving wheel is 
controlled thru/or canceled and a driving wheel grips a road surface again. Moreover, since the angular- 
acceleration threshold is determined according to the angular velocity of a driving wheel, even if it is the case 
where the angular-velocity rate of change of the driving wheel which shows the boundary of whether the slip is 
generated in the driving wheel runs the road surface depending on the angular velocity of a driving wheel, a slip 
can be detected using the angular-acceleration threshold which was adapted for the angular velocity concerned, 
therefore a slip is controlled thru/or canceled suitably. 

[0018] In the 4th configuration of this invention, feedback gain is determined according to the angular velocity of 
a driving wheel. Then, processing is performed in the same procedure as the 2nd configuration. Therefore, by 
performing the approach concerning this configuration, a slip of a driving wheel is controlled thru/or canceled 
and a driving wheel grips a road surface again. Moreover, by multiplying the detection value of angular 
acceleration by the feedback gain determined according to the angular velocity of a driving wheel, and adding or 
subtracting the feedback torque which, as a result, includes a slack feedback correction term Since feedback 
amendment of a torque command is performed, even if it is the case where the angular-velocity rate of change 
of the driving wheel which shows the boundary of whether the slip is generated in the driving wheel runs the 
road surface depending on the angular velocity of a driving wheel Feedback amendment of the amount which was 
adapted for the angular velocity concerned can be performed to a torque command, and a slip is controlled 
thru/or canceled suitably. 

[0019] each configuration of this invention — setting — further — the rotational frequency of the drive motor 
for electric vehicles — direct — or indirect detection is carried out. Furthermore, according to the detection 
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value of a rotational frequency^^odification setup of an angular-accel^Bk)n threshold or the feedback gain is 
carried out. Therefore, since feCTroack amendment of the amount which c^Jld detect the slip using the angular- 
acceleration threshold which was adapted for the rotational frequency concerned, or was adapted for the 
rotational frequency concerned can be performed to a torque command even if it is the case where a torque 
command controls the motor concerned according to the property of changing according to the rotational 
frequency of the drive motor for electric vehicles, a slip is controlled thru/or canceled suitably 
[0020] 

[Example] Hereafter, the suitable example of this invention is explained based on a drawing. 
[0021] The system configuration of the electric vehicle suitable for carrying out this invention is shown in 
drawing 1 . The car 10 shown in this drawing is a car of a rear drive with which front wheels 12r and 121. are 
used as a coupled driving wheel, and it uses rear wheels 14r and 141. as a driving wheel. In addition, suppose at 
the tail of the sign of the member relevant to right-hand side driving wheel 14r that I is given, respectively in the 
following explanation at the tail of the sign of the member relevant to 141. of left-hand side driving wheels for r. 
[0022] Motor 16r for car transit or 161. are attached or built in driving wheels 14r and 141., respectively. That is, a 
car 10 is the electric vehicle of a wheel in motor method. Motors 16r and 161. are all three-phase-circuit 
alternating current motors, and receive supply of drive power from the main dc-battery 19 through 
corresponding inverter 18r or 181. That is, the discharge output of the main dc-battery 19 is changed into a 
three-phase-circuit alternating current from a direct current by inverter 18r or 181., and is supplied to motor 16r 
which is a three-phase-circuit alternating current motor, or 1 61., respectively. 

[0023] A Motors [ 16r and 161. ] output torque is controlled by the controller 20. That is, a controller 20 is the 
driving wheels [ 14r and 1 41. ] rate vr by the rotation sensors 22r and 221. attached to Motors 16r and 16L, 
respectively while inputting the information about the accelerator opening VA and brake treading strength. And 
vl It detects and opts for the torque command concerning Motors 16r and 1 61. based on these. In addition, rate 
vr And rate vl It replaces with and is acceleration omega r. And omegal You may make it detect. By controlling 
the inverters 18r and 181. which correspond based on the torque command for which it opted, a controller 20 
controls the three-phase-circuit alternating current supplied to the motors 16r and 161. concerned so that the 
torque command for which it opted is realized by each motors 16r and 161. 

[0024] The part relevant to TRC is shown in drawing 2 among the internal configurations of a controller 20. The 
configuration of this drawing is constituted from the torque command output sections 30r and 301. by the torque 
command operation part 24r and 241. prepared corresponding to the driving wheels 14r and 141. of each right and 
left, the TRC control sections 26r and 261., Subtracters 28r and 281., and the list. 

[0025] The above-mentioned accelerator opening VA is inputted into the torque command operation part 24r 
and 241. The torque command operation part 24r and 241. determines the torque command Tr or Tl based on the 
information acquired in corresponding rotation sensor 22r besides this accelerator opening VA, or 221., and 
outputs it to Subtracters 28r and 281. The TRC control sections 26r and 261. calculate torque command 
correction value delta Tr or deltaTI based on the information acquired from corresponding rotation sensor 22r or 
221., and output this to corresponding subtracter 28r or 281. It sets to Subtracters 28r and 281., and is [Equation 
2]. 

T r =-T r - JT r 
T] Ti — Jli 



****** is performed and the torque commands Tr and Tl after the obtained amendment are supplied to 
corresponding torque command output section 30r or 301. The torque command output sections 30r and 301. 
control the power conversion actuation by inverter 1 8r which corresponds according to this torque command Tr 
or Tl, or 181. For example, on the power conversion actuation in Inverters 18r and 181., and a concrete target, 
switching operation is controlled to realize as a current whose current command which opted for and opted for 
the current command according to the torque command Tr or Tl is motor 16r or 161. 

[0026] The outline of the control model in this example is shown in drawing 3 . In this drawing, only the control 
model about right-hand side driving wheel 14r is shown. This is because the principle of operation of a controller 
20 is [ that on either side driving wheels / 14r and 141. / behavior is substantially the same on a control model, 
and ] a thing based on driving wheel 14r on either side and an algorithm with 1 41. same about each. Then, 
hereafter, although the control action about right-hand side driving wheel 14r is explained chiefly, the same 
explanation is realized also about 141. of left-hand side driving wheels. 

[0027] As previously explained using drawing 2 , from subtracter 28r, the torque command Tr which received the 
feedback amendment by torque command correction value delta Tr is outputted. This torque command Tr is 
realized in driving wheel 14r through inverter 18r or motor 16r. However, the torque realized serves as a value 
which reduced the torque by the friction reaction force which driving wheel 14r receives from a road surface 
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from the torque equivalent to thj^arque command Tr. Angular-accelerati^Mwriega-r of the value which 
multiplied the torque realized to^^ng wheel 14r by G/I when it was expr^^hg the inertia of driving wheel 14r 
as I, and expressing gravitational acceleration as g Wheel speed vr which will be detected by rotation sensor 22r 
supposing the attaching position of rotation sensor 22r is in the distance of R from the core of driving wheel 14r, 
since it generates [Equation 3] 
Vr = R S-j- T r dt 

It becomes. However, Tr in this formula is the value which subtracted the torque by friction reaction force from 
the torque command Tr. The output of rotation sensor 22r is inputted into torque command operation part 24r 
or TRC control-section 26r as mentioned above. 

[0O28] The flow of actuation of torque command operation part 24r in this example is shown in drawing 4 . It is 
the wheel speed vr into which torque command operation part 24r inputted wheel speed vr and the accelerator 
opening VA into first (100), and inputted as shown in this drawing. Rotational frequency Nr of motor 16r It 
changes (102). As transformation in that case, it is [Equation 4]. 

r 2JTR r 

It is used. Torque command operation part 24r is the obtained engine speed Nr. By referring to a table 200, it is 
the engine speed Nr. The greatest realizable output-torque Tmaxr is determined (104). A table 200 is the engine 
speed Nr in case the accelerator opening VA is 100%. It is the table showing the property of the pair torque 
command Tr. NBr expresses the base rotational frequency of motor 16r among drawing. Torque command 
operation part 24r is based on the accelerator opening VA inputted at maximum torque Tmaxr and step 100 
which were obtained in this way, and is the next operation [several 5]. 
Tr ~ ^maxr * v ^ 

It performs and this opts for the torque command Tr (106). The ****** torque command Tr is supplied to torque 
command output section 30r through subtracter 28r as mentioned above. 

[0029] The flow of actuation of TRC control-section 26r in this example is shown in drawing 5 . 
[0030] TRC control -section 26r is the wheel speed vr detected by corresponding rotation sensor 22r. It inputs 
(300) and is the rotational frequency Nr of motor 16r about this. It changes (302). The formula used in the 
above-mentioned step 102 as transformation in that case and the same formula are used. TRC control-section 
26r is an engine speed Nr. It compares with the base engine speed NBr (304). Multiplier a1 -a3 used for the 
below-mentioned control according to a comparison result, b1 -b3, d -c3, d1 -d3, A1, A2, B1, B-2, C1, C2, D1, 
and D2 It sets up (306,308). That is, as the control characteristic of motor 16r, a property which serves as 
torque regularity below at the base rotational frequency NBr, and serves as output-power regularity above is 
used as shown in above-mentioned drawing 9 or the table 200 in drawing 4 . Therefore, base rotational 
frequency NB The value of the torque command Tr turns into a different value by the upper and lower sides. 
Therefore, even if it faces performing TRC, it is an engine speed Nr about the angular-velocity threshold for a 
slip judging, or the value of the feedback gain for feedback amendment of the torque command Tr (after- 
mentioned). It is desirable to switch according to whether to be more expensive than the base engine speed NBr 
or low. Steps 306 and 308 are steps for performing such a change-over, and the value for high rotation is set as 
an above-mentioned multiplier for the value for low rotation in step 308 in step 306, respectively. 
[0031] TRC control-section 26r uses each multiplier set up in step 306 or 308, and is the accelerator opening 
VA and wheel speed vr. It is based and is the following formula [several 6] about angular-velocity threshold 
omega, 1 r-omega, 3r feedback gain G1r, and G2r. 
iir - ai x exp (bi XVA+ Xy r +di XVAX v r ) 

G lr = A ! xexp (B ! XVA+Ci Xv r +D a XVAX7 1 ) 

i 2r a 3 Xexp ( b 2 XVA+ c z Xv r + di xVAX v r ) 

Gar = A 2 XexpCB2XVA+C*Xv r +DiXVAXv r J 

i 3r = a 3 Xexp ( b 3 XVA+ e 3 Xv r -hd 3 xVAXv r ) 

It is alike, and follows and determines (310). TRC control-section 26r is the wheel speed vr inputted at step 300 
further. The following formula [several 7] 
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ir^Bkga-r It changes (312). angular-accele^^n omega-r from which TRC 
iineW5y conversion ******** — the comparison test 3r [ angular-acceleratic 



******** angular-acceleratior 

control-section 26r was obtainIK>y conversion ******** — the comparison test 3r [ angular-acceleration 
threshold omega, 1 romega, and ] used is performed (314). 

[0032] Namely, omega-r When >omega and 1r are materialized, TRC control-section 26r is [Equation 8]. 



By the ** type, when that is not right, it is [Equation 9]. 



A ** type determines torque command correction value delta Tr (316,318). However, even if it is the case of the 
latter, they are omega and 2 r>=omega-r. It is [Equation 10] when materialized. 
dT r G 2r io> r - SR 3r ) 

According to a ** type, the value of torque command correction value deltatr is determined (320). 
[0033] TRC control-section 26r is omega and 2 r>=omega-r further. Even if it is the case where it is 
materialized, they are omega and 3 r>=omega-r. It is [Equation 1 1] when materialized 
dT c 0 

Torque command correction value deltaTr is determined according to a ** type (322). Subtractor 28r is supplied 
and torque command correction value deltaTr determined by either of steps 316-322 is the torque command Tr. 
It is fed back. 

[0034] Drawing 6 is the output torque and angular-acceleration omega-r of motor 16r in this example. Behavior 
is shown. For (a), especially (b) is angular-acceleration omega-r about the behavior of an output torque among 
these drawings. It is drawing showing behavior, respectively, and both drawings are drawn about the same time 
amount. Moreover, (c) is angular-acceleration omega-r. It is drawing drawn about the time interval larger than (b) 
about behavior. 

[0035] First, time-of-day t=t0 When driving wheel 14r usually goes into a detail from a road surface more at a 
slip road surface, it follows on driving wheel 14r slipping, and is [ the car 10 of the example of a smell lever, and ] 
angular-acceleration omega-r. It is omega-r as a result of increasing. The conditions of <omega and 1r are 
satisfied. Then, torque command correction value deltaTr determined at step 316 The feedback amendment to 
depend is the torque command Tr. Since it is given, it is the torque command Tr. It falls gradually. Then, torque 
command Tr When a value usually becomes sufficiently low compared with the value in a road surface, as a 
result of a road surface's gripping by driving wheel 14r, it is angular-acceleration omega-r. A value also turns 
into a sufficiently small value. This is angular-acceleration omega-r at step 314. It is detected by comparing with 
angular-acceleration threshold omega and 2r. Namely, omega and 2 r>=omega-r It detects that had having been 
materialized and the driving wheel 14 gripped the road surface. 

[0036] Then, it is torque command correction value deltaTr determined by step 320 while the car 10 was running 
the slip road surface. The condition that feedback amendment to depend is performed to the torque command Tr 
continues. When driving wheel 14r of a car 10 returns to the usual road surface in the condition that such 
feedback amendment is continuing being added, it is angular-acceleration omega-r. A value changes to a 
temporary still lower value. It sets to step 314 and this change is angular-acceleration omega-r. It is detected by 
comparing with angular-acceleration threshold omega and 3r. Namely, omega and 3 r>=omega-r When judged, 
TRC control-section 26r is torque command correction value deltaTr. A value is returned to 0 (step 322). 
[0037] Thus, according to this example, it is angular-acceleration omega-r. The comparison with angular- 
acceleration threshold omega and 1r detects a slip, and it is the torque command Tr. In order to carry out 
reduction amendment, it becomes possible to grip a road surface at an early stage by driving wheel 14r. 
Moreover, angular-acceleration omega-r It detects that driving wheel 14r gripped the road surface by the 
comparison with angular-acceleration threshold omega and 2r, and is the torque command Tr. In order to carry 
out reduction amendment, driving wheel 14r can hold the condition of gripping the road surface. Furthermore, 
angular-acceleration omega-r Since the comparison with angular-acceleration threshold omega and 3r detected 
that driving wheel 14r usually shifted to the road surface from the slip road surface, it usually follows on the shift 
to a road surface from a slip road surface, and it is the torque command Tr immediately. It can return to the 
original value. 

[0038] Furthermore, since the value of angular-acceleration threshold omega, 1 r-omega and 3r, feedback gain 
G1r, and G2r was changed in this example according to the value of the accelerator opening VA, It responds to 
the value of the accelerator opening VA, and is the torque command Tr. In spite of controlling motor 16r 
according to the property that a value changes, a road surface is suitably gripped by driving wheel 14r, therefore 
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it is wheel speed vr. A differencsjakth car body speed V can be controlled^^ably. Moreover, it is the wheel 
speed vr of driving wheel 14r att^pthese angular-acceleration threshold (^pfedback gain. Angular-acceleration 
omega-r which can be regarded as the slip being generated since it responds and was made to make it change A 
value is wheel speed vr. It depends, in spite of changing, a road surface is suitably gripped by driving wheel 14r, 
and it is wheel speed vr. A difference with car body speed V can be controlled. Moreover, they are the 
accelerator opening VA and wheel speed vr in the formula which determines an angular-acceleration threshold 
and feedback gain. Since the term concerning a product is included, they are the accelerator opening VA and 
wheel speed vr. The nonlinear behavior produced when it changes to coincidence can also be coped with. 
[0039] For example, it sets to this example as shown in drawing 7 (A) - (D), and it is wheel speed vr. Regardless 
of the accelerator opening VA, it is wheel speed vr. The difference of car body speed V can be controlled in and 
abroad 5%. On the other hand, they are the accelerator opening VA and wheel speed vr about an angular- 
acceleration threshold or the value of feedback gain. When it responds, and is made not to change and especially 
the car 10 is running the slip road surface as shown in drawing 8 , it is wheel speed vr. A difference with car 
body speed V becomes large. Drawing 8 is the result of being obtained under the same conditioning as drawing 7 
(A). 

[0040] In addition, it sets to this example and is the engine speed Nr of motor 16r. He is trying to switch the 
value of various kinds of multipliers for determining an angular-acceleration threshold and the value of feedback 
gain according to whether the value of the base engine speed NBr was exceeded. For this, the control 
characteristic of motor 16r is a rotational frequency Nr. It responds to it being not a property to which it is not 
based but fixed torque is made to always output but the property of changing torque according to the curve of 
output regularity especially in a high rotation region. Thereby, according to this example, TRC which coped with 
transit in a high rotation region especially is realizable. 

[0041] Furthermore, in this example, the car 10 is constituted as an electric vehicle of a wheel in motor type. 
Therefore, even if it is the case where it is running a road surface from which coefficient of friction of the part 
where coefficient of friction and 141. of driving wheels of the part where driving wheel 14r has touched have 
touched differs, a road surface can be gripped every [ each driving wheel 14r and ] 141. It is not necessary to 
perform brake control etc. like the conventional gasoline-powered vehicle in that case. 
[0042] in addition — an above-mentioned example — steps 316 and 320 — setting — torque command 
correction value delta Tr the time of calculating — angular-acceleration omega-r from — multiplier SR1r Or 
SR2r Torque command correction value delta Tr from which this is obtained by step 316 or 320 although he is 
trying to reduce the processing for adjusting a sign — it is — SR1r And SR2r A value can be determined 
suitably in design. 
[0043] 

[Effect of the Invention] By comparing the detection value of the angular acceleration of a driving wheel with the 
angular-acceleration threshold determined according to the ratio of the acceleration to the torque command in 
which the maximum output is possible demanded according to the 1st configuration of this invention, as 
explained above Since the slip of a driving wheel was detected, even if it is the case where a motor is controlled 
according to the property that torque value changes according to the ratio of the acceleration to the torque 
command in which the maximum output is possible demanded A slip can be detected using the angular- 
acceleration threshold which was adapted for the ratio concerned, therefore a slip can be controlled thru/or 
canceled suitably. 

[0044] When a slip is detected according to the 2nd configuration of this invention, the detection value of the 
angular acceleration of a driving wheel is multiplied by the feedback gain determined according to the ratio of the 
acceleration to the torque command in which the maximum output is possible demanded. In order to carry out 
feedback amendment of the torque command by adding or subtracting the feedback torque which, as a result, 
includes a slack feedback correction term, Even if it is the case where a motor is controlled according to the 
property that torque value changes according to the ratio of the acceleration to the torque command in which 
the maximum output is possible demanded, feedback amendment of the amount which was adapted for the ratio 
concerned can be performed to a torque command, and a slip can be controlled thru/or canceled suitably. 
[0045] Since the slip of a driving wheel was detected by comparing the detection value of the angular 
acceleration of a driving wheel with the angular-acceleration threshold determined according to the angular 
velocity of a driving wheel according to the 3rd configuration of this invention, Even if it is the case where the 
angular-velocity rate of change of the driving wheel which shows the boundary of whether the slip is generated 
in the driving wheel runs the road surface depending on the angular velocity of a driving wheel, a slip can be 
detected using the angular-acceleration threshold which was adapted for the angular velocity concerned, 
therefore a slip can be controlled thru/or canceled suitably. 

[0046] When a slip is detected according to the 4th configuration of this invention, the detection value of the 
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angular acceleration of a drivin^^eel is multiplied by the feedback gain ^^^rnined according to the angular 
velocity of a driving wheel. In or?^to carry out feedback amendment of the torque command by adding or 
subtracting the feedback torque which, as a result, includes a slack feedback correction term, Even if it is the 
case where the angular-velocity rate of change of the driving wheel which shows the boundary of whether the 
slip is generated in the driving wheel runs the road surface depending on the angular velocity of a driving wheel, 
feedback amendment of the amount which was adapted for the angular velocity concerned can be performed to 
a torque command, and a slip can be controlled thru/or canceled suitably. 

[0047] And in order to carry out a modification setup of an angular-acceleration threshold or the feedback gain 
according to the detection value of the engine speed of a motor according to each configuration of this 
invention, Even if it is the case where a torque command controls the motor concerned according to the 
property of changing according to the rotational frequency of the drive motor for electric vehicles Since 
feedback amendment of the amount which could detect the slip using the angular-acceleration threshold which 
was adapted for the rotational frequency concerned, or was adapted for the rotational frequency concerned can 
be performed to a torque command, a slip can be controlled thru/or canceled suitably. 



[Translation done.] 
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* NOTICES * 



# • 

le tor any 



JPO and NCIPI are not responsibl 
damages caused by the use of this translation 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the system configuration of the electric vehicle suitable for carrying 
out this invention. 

[Drawing 2] It is the block diagram showing a part of internal configuration of the controller in this example. 
[Drawing 3] It is drawing on which the control model in this example is drawn about a right-hand side driving 
wheel. 

[Drawing 4] It is the flow chart which shows the flow of actuation of the torque command operation part in this 
example. 

[Drawing 5] It is the flow chart which shows the flow of actuation of the TRC control section in this example. 
[Drawing 6] It is drawing showing the behavior of the torque in this example, and angular acceleration, and (c) is 
drawing showing the behavior of angular acceleration when (b) usually shifts the behavior of angular acceleration 
[ in / for the behavior of torque immediately after especially (a) usually shifts to a slip road surface from a road 
surface / a coincidence point ] to a slip road surface from a road surface and further usually returns to a road 
surface, respectively. 

[Drawing 7] The case where it is drawing showing the effectiveness of this example, and wheel speed and the 
wheel speed of a driving wheel of both (A) are the predetermined values a, and accelerator opening is 100% Both 
(B) the case where car body speed and the wheel speed of a driving wheel are 0, and accelerator opening is 
100% Both (D of both (C)) is drawings in which car body speed and the wheel speed of a driving wheel are 0 
about the case where car body speed and the wheel speed of a driving wheel are the predetermined values a, 
and accelerator opening is 20%, and accelerator opening shows the case where it is 20%, respectively. 
[Drawing 8] It is drawing showing the actuation at the time of being made not to perform control of this example 
under the condition whose accelerator opening both car body speed and the car body speed of a driving wheel 
are a, and is 100% about an angular-acceleration threshold and feedback gain. 

[Drawing 9] It is drawing showing the rotational frequency pair torque control property generally used in an 
electric vehicle. 

[Drawing 10] It is drawing showing the wheel speed dependence property of the wheel speed rate of change 
which a slip generates. 
[Description of Notations] 

10 Car, 12R, 12L Coupled Driving Wheel, 14R, 14L. Driving Wheel, 16r, 161. A motor, 18r, 181. An inverter, 19 Main 
dc-battery, 20 A controller, 22r, 22I. A rotation sensor, 24r, 24I. Torque command operation part, 26r, 26I. A TRC 
control section, 28r, 28I. A subtractor, 30r, 30I. Torque command output section, Tr, Tl A torque command, 
delta Tr, deltaTI Torque command correction value, Omega-r Angular-acceleration and omegar Angular velocity, 
vr Wheel speed, Nr Motor rotational frequency, A NBr base engine speed, omega, 1r-omega, and3r An angular- 
acceleration threshold, G1r, G2r Feedback gain, a1 -a3, b1 -b3, c1 -c3, d1 -d3 Multiplier which determines the 
multiplier which determines an angular-acceleration threshold, and to determine, A1, A2, B1, B-2, C1, C2, D1, 
and D2 feedback gain. 



[Translation done.] 
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